Renal cell clear cell carcinomas (ccRCC) represent 75% of the malignant renal neoplasias. A critical molecular characteristic in the epithelial-mesenchymal transition (EMT) is the loss of E-cadherin expression, as well as the epithelial-mesenchymal transcription factors, one of the most important of which is Snail. In the current study, we analyzed the immunoexpression of the two markers in 46 cases of clear cell renal cell carcinomas, with reference to the most important prognosis histopathological factors. Our results indicated significant associations between the overexpression of Snail, under expression of E-cadherin and high Fuhrman grade. E-cadherin immunoexpression was high in incipient tumoral stages, and Snail was overexpressed in advanced tumoral stages of ccRCC. Our study supports the importance of this antibody panel in the prognosis of ccRCC.
Introduction
Clear cell renal cell carcinoma (ccRCC) represent the most frequent malignant neoplasias of the kidney, and about 4% of the malignant neoplasms in adults [1] .
Epithelial-mesenchymal transition (EMT) is a biological process in which epithelial cells lose polarity and cell-cell contact and acquire a mesenchymal phenotype [2] . The process is characterized by the loss of epithelial markers and the overexpression of mesenchymal markers, playing a key role in the process of invasion and metastasis [3] . E-cadherin is part of the cadherin family and it is a transmembrane protein which acts as a tumoral suppressor that inhibits invasion and metastasis [4] , and its expression is reduced in EMT [5] [6] [7] .
Snail is a zinc-finger transcription factor, overexpressed in some cancers [8, 9] , directly involved in the repression of E-cadherin, which favors the acquisition of the mesenchymal phenotype [10, 11] .
Materials and methods
The study was done on 46 cases of ccRCC diagnosed in the Pathology Laboratory of the County Clinical Emergency Hospital in Craiova between 2015 and 2017. The biologic material consisted of nephrectomy specimens from patients admitted in the Urology Clinic of the same hospital and were processed through the classic method of fixation in buffered formalin 10%, paraffin embedding and Hematoxilin-Eosyn (HE) staining.
We studied clinical parameters (age, gender, tumor size) and histopathology (Furhman grade, invasion of fat tissue, vascular invasion, tumor stage, presence of necrosis). The cases were divided into two categories according to the nuclear grade, the ones with Fuhrman 1 and 2 were classified in low Fuhrman grade group, and the ones with grade 3 and 4 in the high Fuhrman grade group.
In order to immunostaining, the sections were prepared for incubation with primary antibodies (dewaxing in xylene, rehydrating in alcohol, endogenous enzyme and unspecific blocking, microwaving for antibody retrieval), at 4°C, overnight. The working system was represented by Labelled Streptavidin-Biotin 2 (LSAB2) system (Dako, Redox, Romania, code K0675), and we used 3,3'-diaminobenzidine tetrahydrochloride (Dako, Redox, Romania, code K3468) as chromogen.
The quantification of the reactions was done using a final composite score (CS), that included the intensity of the reactions and the percent of marked cells. Therefore, according to the number of marked tumor cells, the studied cases were split in the following categories: 0 (no marked cells), 1 (<25%), 2 (25-50%), 3 (51-75%) and 4 (>75%). The intensity of the embedding was also classified in 4 categories: 0 (absent), 1 (low), 2(moderate), 3(high). CS was considered negative for values of 0, low positive for values between 1-4 and high positive for values between 6-12. For the statistical analysis, we used Pearson and chisquare (χ 2 ) tests in the SPSS20 software.
Our aim was to analyze the immunoexpression of Snail and E-cadherin compared to histopathological (Fuhrman grade, fat tissue invasion, vascular invasion, tumor stage, the presence of necrosis) and clinical (age, sex, tumor size) parameters to identify the cases that lose the epithelial phenotype and develop a mesenchymal phenotype.
The study was approved by the local ethics committee (no.41/27.03.2018).
Results
The clinical-epidemiological study was done on 46 cases of ccRCC, in relation to Snail and E-cadherin expression that are shown in Table 1 . Table 1 In this study, most of the ccRCC cases were identified in male patients (65.21%), with an average diagnostic age of 60.18±10 years ( Table 1) . Tumors had sizes between 1.5-16cm, with an average of 7.05cm. Most cases were determined to be low Fuhrman grade (76%) ( Fig.1.A; Fig.1 .B) and tumor stage III (65.21%). Fat tissue invasion was present in 65.21% cases ( Fig.1 .C), vascular invasion in 19.56% of cases and necrosis was present in 52.17% of cases (Table 1) . In this study, the tumor extension (pT) matched tumor stage.
. SNAIL, E-cadherin immunoexpression and their relation with the investigated clinicopathological parameters
Snail immunoreaction was identified in 93.47% if the 46 ccRCC cases that were analyzed, with cytoplasmic localization. The Snail immunoexpression varied according to Fuhrman grade both in percentage of marked cells and intensity. Low Fuhrman grade ccRCC had an average percentage of marked cells of 19.05±11.77, with the intensity of the reactions low and moderate and an average CS value of 1.75 ( Fig.1.D) . For high Fuhrman grade ccRCC the intensity of the staining reactions was moderate and high, with average percentage values of positive cells of 33.05±25.70 and a CS value of 3.92 ( Fig.1.E) . In advanced stage ccRCCs (pT3/stage III), the average percentage of marked cells was 27.41±18.61, the intensity of the reactions was moderate or absent and CS value was 2.87.
Through statistical analysis of the analyzed parameters, we have shown significant associations between high CS of Snail and high Fuhrman grade (p=0.007) ( Fig.1 .E) and fat tissue invasion (p=0.03).
The E-cadherin immunoreaction was noticed in 86.95% of the 46 analyzed cases, with cytoplasmic and membrane localization. The immunoexpression varied according to Fuhrman grade both in percentage and intensity. Low Fuhrman grade ccRCCs had an average percent of marked cells of 46±22.97, the intensity of the reactions was moderate and average CS value was 4.97 ( Fig.1.F) . For high Fuhrman grade ccRCC, average percentage of marked cells was 4.6±4.3 and the intensity of the staining reactions was mostly low, with average CS value of 0.69 ( Fig.1.G) . In advanced stage ccRCCs (pT3/stage III), the average percent of marked tumor cells was 31.29±25.85, the intensity of reactions was mostly moderate and average CS value was 3.48. The statistical analysis indicated significant associations between high CS, E-cadherin and low Fuhrman grade (p=0.000) ( Fig.1.H ) and the absence of vascular invasion (p=0.031).
The analysis of the investigated markers indicated a statistically significant negative correlation between E-cadherin and SNAIL (p <0.05, Pearson) (Fig.2) . Fig. 1. ccRCC: (A) Low grade, Fuhrman 1, HE, x100; (B) High grade, Fuhrman 3 
, HE, x100; (C) Fat tissue invasion; (D)Low grade, SNAIL immunostaining, ×100; (E) High grade, SNAIL immunostaining, ×100; (F) Cases distribution depending on Fuhrman grade and SNAIL CS; (G)Low grade, E-cadherin immunostaining, ×100; (H) High grade, E-cadherin immunostaining, ×100; (I) Cases distribution depending on Fuhrman grade and E-cadherin CS.

Fig.2. Values distribution of the labeled cells for the investigated markers
Discussion
Epithelial-mesenchymal transition (EMT) is characterized by the loss of expression of epithelial markers and the acquisition of mesenchymal markers [12] . One of the most important roles in this process is played by the Snail transcription factor [13] . An important characteristic of EMT is the loss of E-cadherin expression [14, 15] , which is expressed in epithelial cells and its expression is reduced during EMT [6, 7] .
Snail is a zinc-finger transcription factor and an important repressor of E-cadherin [16] . The Snail expression was observed in several malignant tumors where it was correlated with the tumor invasion and metastasis [16, 17] .
In this study we quantified the immunostaining of Snail and noticed that the immunoreaction was identified in the cytoplasm of tumor cells in 92% of the studied cases. For E-cadherin, the immunostining was identified in 70% of the cases, with cytoplasmic and membrane pattern.
Through the analysis of the cases we investigated the Snail immunomarking and discovered statistically significant associations between the increase of Snail expression and high Fuhrman grade. Statistical analysis also revealed significant associations between Snail immunoexpression and the presence of fat tissue invasion. We have also determined a statistically significant association between E-cadherin expression and low Fuhrman grade and the absence of vascular invasion.
Reports in the literature confirm the results of our research on overexpression of Snail in high Fuhrman grade ccRCC. Mikami et al. evaluated the expression of Snail in ccRCC and reported positive associations between Snail expression and tumor stage and Fuhrman grade [18] . They noticed that ccRCC with low Snail expression show relatively high percentage of E-cadherin marked tumor cells compared to tumors with high Snail immunoexpression, but the difference was not statistically significant [18] .
Similar results were reported in other studies [13, 19, 20] . Liu et al. also analyzed the association between the intensity of Snail immunostaining of tumor cells on cytoplasmic and nuclear levels and clinical-pathological parameters of ccRCC patients and concluded that those cases with high cytoplasmic Snail expression matched high Fuhrman grade ccRCC [21] . Cytoplasmic expression of Snail did not present a statistically significant association with any other clinical-pathological parameter [21] . Similar to our results, Messai et al. reported that the Snail expression is lower in low grade carcinomas than high grade ones [22] .
Cai et al. have also reported that the expression of E-cadherin and Snail in ccRCC was significantly correlated with the tumor differentiation grade. Unlike our study, they also determined significant associations between the Snail expression and clinical stage, local invasion and distant metastasis, and a negative correlation between the expressions of Snail and E-cadherin [20] .
There are other studies in which the low expression of E-cadherin was significantly associated with unfavorable prognosis in renal carcinomas [23, 24] . Similar to our study, Xinqi et al. did not determine a significant association between the expression of E-cadherin and tumor stage, necrosis, age and sex but, unlike our results, they also didn't determine an association with Fuhrman grade [25] .
Conclusions
In this study, high-grade ccRCCs have associated high Snail and reduced E-cadherin expression, suggesting the loss of epithelial phenotype and the acquisition of a mesenchymal one.
The results indicate that these markers could be useful to evaluate the aggressiveness of lesions and to determine a better targeted therapy.
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